Our studies and others recently demonstrate that polydatin, a resveratrol glucoside, has antioxidative and cardioprotective effects. This study aims to investigate the direct effects of polydatin on Ang II-induced cardiac hypertrophy to explore the potential role of polydatin in cardioprotection. Our results showed that in primary cultured cardiomyocytes, polydatin blocked Ang IIinduced cardiac hypertrophy in a dose-dependent manner, which were associated with reduction in the cell surface area and [ 3 H]leucine incorporation, as well as attenuation of the mRNA expressions of atrial natriuretic factor and b-myosin heavy chain. Furthermore, polydatin prevented rat cardiac hypertrophy induced by Ang II infusion, as assessed by heart weight-to-body weight ratio, cross-sectional area of cardiomyocyte, and gene expression of hypertrophic markers. Further investigation demonstrated that polydatin attenuated the Ang II-induced increase in the reactive oxygen species levels and NADPH oxidase activity in vivo and in vitro. Polydatin also blocked the Ang II-stimulated increases of Nox4 and Nox2 expression in cultured cardiomyocytes and the hearts of Ang II-infused rats. Our results indicate that polydatin has the potential to protect against Ang II-mediated cardiac hypertrophy through suppression of NADPH oxidase activity and superoxide production. These observations may shed new light on the understanding of the cardioprotective effect of polydatin.
Introduction
Cardiac hypertrophy is an adaptive remodeling response to increased cardiac wall stress caused by pressure and/or volume overload as well as neurohormonal activation. It is recognized as a risk factor for the development of heart failure and a very strong predictor of cardiovascular mortality. 1, 2 Angiotensin II (Ang II) plays an important role in the pathogenesis and progression of cardiac hypertrophy and heart failure. 3, 4 Numerous studies have shown that continuous infusion of Ang II contributes to alterations in cardiac functions and increases in cardiac mass, which is independent of its pressor action. 5, 6 Additionally, inhibition of Ang II by angiotensin converting enzyme inhibitors or angiotensin type 1 receptor antagonists prevents or reverses cardiac hypertrophy after pressure overload. 6, 7 Molecular mechanisms by which Ang II evokes cardiac hypertrophy are related to activation of protein kinase cascades, initiation of a fetal-like gene program, impairment of calcium handling, and increased production of reactive oxygen species (ROS). 8 ROS have emerged as important triggers of the hypertrophic responses, both in vitro and in vivo, in response to stretch or other hypertrophy stimuli, such as Ang II. [9] [10] [11] Several studies have shown that Ang II treatment increases ROS generation in cardiomyocytes and that inhibition of ROS generation by antioxidants abolishes Ang II-induced cardiomyocytes enlargement. 12, 13 Therefore, developing new compounds and strategies to manipulate Ang IImediated effects and reduce myocardial superoxide are highly valued for treatment of cardiac remolding.
Polydatin, a resveratrol glucoside with a 3,4',5-trihydroxystilbene-3 -b-D-glucopyranoside molecular structure, is a natural component extracted from the perennial herb Polygonum cuspidatum Sieb. et Zucc. This plant has been used clinically in the treatment of cardiovascular disorders and ischemia/reperfusion injury in traditional Chinese medicine. 14, 15 Polydatin is one of the major stilbenoid glucosides in grape juice and red wine. 16 Similar to its analog resveratrol, polydatin has multiple pharmacological effects, including anti-inflammatory, neuroprotective, lipid-lowering actions, and especially strong antioxidative effects. [17] [18] [19] Recently, it was suggested that polydatin has strong protective effects against cardiac ischemia-reperfusion injury and pressure-overload-induced ventricular remodeling. [20] [21] [22] [23] There are also studies showing that polydatin ameliorates burn-generated cardiac dysfunction by reducing oxidative modification of ryanodine receptors. 24 Despite these cardioprotective and antioxidant activities, the extent and mechanism to which polydatin improves cardiac remodeling remains poorly understood. Therefore, the present study was performed to determine whether polydatin attenuates Ang II-induced cardiac hypertrophy in vitro and in vivo by regulating NADPH oxidase activity and ROS production.
Materials and methods

Cell culture
All animal procedures were approved by the Animal Research Committee at Shaanxi University of Chinese Medicine, and conformed to the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Primary cardiomyocyte cultures were prepared from 1-day-old Sprague-Dawley rats as described previously. 25 Briefly, the ventricles of neonatal rats were enzymatically dissociated and the resulting cell suspension was enriched. Cells were suspended in Dulbecco's Modified Eagle's Medium (DMEM), supplemented with 10% fetal bovine serum (FBS) and penicillin/streptomycin. After pre-plating twice (45 min at 37 C) to minimize fibroblast, the cells were plated at 2.0-3.0 Â 10 4 cells mL À1 onto poly-D-lysine-coated coverslips (Sigma, St Louis, MO), well plates, or dishes. The culture medium was replaced after 48 h with serum-free DMEM consisting of bromodeoxyuridine (0.1 mmol/L), transferrin (5 mg/mL), and insulin (1 mg/mL), and cells were then incubated at 37 C for 48 h prior to treatment.
Following removal of cardiomyocyte-enriched culture medium at the end of the two pre-plating steps, the remaining attached cells (cardiac fibroblasts, assessed by microscopic evaluation) were cultured in DMEM supplemented with 10% FBS and grown to confluence. Cardiac fibroblasts were then plated to confluence in 96-well plates for determination of cardiac fibroblast superoxide generation. Cell cultures were incubated at 37 C in a humidified atmosphere of 5% CO 2 and 95% air. Cardiac fibroblasts up to passage level 3-4 were used for experiments with 24 h serum starvation prior to study.
Polydatin (3, 4 ',5-trihydroxystilbene-3 -b-D-glucopyranoside; purity, >97%; wt. 390.38; PubChem ID 24880655) was obtained from Sigma-Aldrich. For the in vitro study, polydatin was dissolved in dimethyl sulfoxide (DMSO) medium. Cardiomyocytes were pretreated with DMSO, polydatin (5-50 mmol/L) for 60 min, and subsequently treated with or without 100 nmol/L Ang II for 24 h. Each treatment was performed in triplicate wells. DMSO alone, without polydatin, served as a control.
[ 3 H]leucine incorporation
[ 3 H]Leucine incorporation was measured as described previously. 26 Briefly, cardiomyocytes were pretreated with polydatin for 60 min and subsequently stimulated with Ang II (100 nmol/L) and coincubated with [ 3 H]leucine (2 mCi/mL) for 24 h. At the end of the experiment, the cells were washed twice with ice-cold phosphate-buffered saline (PBS), scraped off the dish, and then treated with trichloroacetic acid (10%) for 1 h at 4 C. The precipitates were washed twice with ice-cold water and dissolved in 1 mL NaOH (100 mmol/L), and subsequently counted with a scintillation counter.
Immunocytochemistry and measurement of cell surface area
Cultured myocytes on coverslips were fixed with 3.7% formaldehyde and permeabilized with 0.3% Triton X-100 in PBS. After blocking with PBS containing 0.3% bovine serum albumin (BSA) and 1% horse serum for 1 h, the cells were sequentially incubated overnight at 4 C with monoclonal anti-a-sarcomeric actin antibody (Sigma, 1:1000) and Alexa fluorescent dye-conjugated specificsecondary antibodies (Invitrogen, 1:2000) for 1 h. After washing three times with PBS, the fluorescence staining was visualized using an Olympus fluorescence microscope as in our previous publication. 25 The surface area of positive-staining cardiomyocytes was analyzed using image analysis software (Image J). At least 50 cells were randomly selected and analyzed for surface area on each slip.
Real-time PCR
Atrial natriuretic factor (ANF) and b-myosin heavy chain (b-MHC) mRNA were analyzed using quantitative realtime polymerase chain reaction (PCR) as detailed by us previously. 27 The total RNA was isolated from cultured cardiomyocytes or left ventricular lysates using an RNeasy kits (Qiagen, Valencia, CA) according to the manufacturer's instructions. TaqMan PCR probes for rat ANF, b-MHC, and internal standard gene GAPDH were obtained from Applied Biosystems, Inc. (Foster City, CA). Amplification was performed in an Applied Biosystems PRISM 7000 sequence detection system. A comparative cycle of threshold (CT) fluorescence method was applied with GAPDH as the internal control. The final data of real-time PCR were presented as the ratio of the mRNA of interest to GAPDH.
Determination of intracellular ROS production
The fluorescent indicator 2 0 ,7 0 -dichlorofluorescein diacetate (DCF-DA; Sigma) was used to determine intracellular ROS in cardiomyocytes as described previously. 25 Myocytes were plated into 96-well plates, grown to 50-60% confluence, and then exposed to the appropriate treatment. At the end of treatment, myocytes were washed twice with PBS and incubated with DCF-DA at a concentration of 5 mmol/L for 30 min at 37 C in dark. The DCF fluorescence was detected at 485 nm for excitation and 530 nm for emission using a fluorescent plate reader (SpectraMAX GeminiXPS, Molecular Devices). Temperature was kept at 37 C throughout the experiment. The change in fluorescence intensity was expressed as a percentage of respective control value. Each treatment condition was performed in triplicate within experiments and three separate culture dishes were used in each set of experiments.
Measurement of NADPH oxidase activity
The NADPH oxidase activity was measured using lucigenin chemiluminescence's assay as previously described. 28 Cultured myocytes or left ventricular lysates were prepared as described above and homogenized in lysis buffer (1 mmol/L phenylmethylsulfonyl fluoride, 1 mmol/L EDTA, 20 mmol/L KH 2 PO 4 , pH 7.0). After centrifugation at 3000 g for 10 min, an aliquot of the supernatant was distributed (100 mg/well) onto a 96-well microplate and incubated with 5 mmol/L lucigenin in modified 4 -(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer for 2 min followed by adding 100 mmol/L NADPH as substrate. The chemiluminescent signal was measured every 15 s for 3 min using a Wallac 1450 Micro-Beta JET Luminometer (PerkinElmer Life and Analytical Sciences, Waltham, MA). The NADPH oxidase activity was determined by the amount of superoxide anion generated in the reaction mixture. Protein concentrations were measured by a Bio-Rad protein assay kit. Data are expressed as mmol/mg of protein per minute.
Animal experiments
All animal experimental protocols were approved by the Shaanxi University of Chinese Medicine Institutional Animal Care and Use Committee. Male Sprague-Dawley rats (within 180-220 g) were kept in a 12-h light/12-h dark cycle at a controlled room temperature and had free access to standard chow and tap water. Rats were divided into four experimental groups: one group received sham surgery, the second group with Ang II infusion (300 ng/kg/ min for 28 days), the third group with Ang II and polydatin (oral gavage, 50 mg/kg/d, 7 days before surgery), and the fourth group with only polydatin treatment. For Ang II infusion, rats were anesthetized with sodium pentobarbital (50 mg/kg intraperitoneally), and osmotic pumps (model 2004; Alzet, Cupertino, CA) were implanted subcutaneously in the flank region. Ang II was delivered by the pumps at a rate of 300 ng/kg/min for 28 days. Polydatin was dissolved in 0.5% carboxy methylcellulose solution for animal experiments and administered by oral gavage at a volume of 1 mL/100 g body weight. The control animals were given the same volume of vehicle solution (0.5% carboxy methylcellulose). Tail-cuff plethysmography (Harvard Apparatus Ltd) was used to measure the systolic blood pressure (BP) before and every other day during the treatment. At the end of the experiment, the rats were euthanized, and hearts were removed, blotted, and weighed to determine the ratio of heart weight to body weight (HW/BW).
Histological analysis
Hearts were fixed in 10% formalin and embedded in paraffin. The middle segments of the hearts were cut into five sub-serial sections with a thickness of 10 mm at intervals of 0.3 mm. The transverse sections were stained with hematoxylin and eosin to determine myocyte cross-sectional area, and with picrosirius red staining for assessment of interstitial and perivascular fibrosis as previously described. 27 Micrographs were detected using a microscope equipped with digital camera (Infinity 2). The histology and morphology were examined and analyzed by Image Analysis Software (Image Pro plus 6.0, Media Cybernetics, Bethesda, MD).
Western blot analysis
Left ventricular homogenates were prepared in radioimmunoprecipitation assay (RIPA) lysis buffer as described previously. 27 Total proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred electrophoretically to nitrocellulose membranes (Millipore, Billerica, MA). After blocking with 5% skim milk, the membranes then were hybridized at 4 C overnight with the primary antibody, polyclonal rabbit anti-Nox2 (1:500; Santa Cruz Biotechnology, CA), polyclonal rabbit anti-Nox4 (1:500; Santa Cruz Biotechnology), polyclonal rabbit anti-Nox1 (1:500; Santa Cruz Biotechnology), and polyclonal goat anti-GAPDH (1:500; Santa Cruz Biotechnology). The membranes were washed with PBS-Tween and further incubated with secondary antibody, horseradish peroxidase-conjugated IgG (Santa Cruz Biotechnology), at 37 C for 60 min. Immunoreactivity was detected using chemiluminescence reagent kit (Millipore). The blots in the film were visualized and analyzed using Quantity One Software (Bio-Rad).
Plasma transforming growth factor-b (TGF-b) analysis
Plasma was collected from the abdominal aorta at the end of in vivo experiment, and then used to measure TGF-b level. Total plasma TGF-b was determined by enzyme-linked immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN; catalog No. MB100B). To be able to measure total TGF-b1, samples were first acid-activated (with 1 N HCl) before assaying to isolate free TGF-b1 molecules from latent complex. The ELISA assay was performed according to the manufacturer's protocol. All samples were run in duplicate. The lowest level of detection for total TGF-b1 was 4.3 AE 2.6 pg/mL.
Statistical analysis
Data are expressed as means AE standard error of the mean (SEM). Statistical analysis was tested by one-way analysis of variance (ANOVA) followed by Dunnett post hoc test, or Student's t-test. P < 0.05 was viewed as statistically significant.
Results
Pretreatment with polydatin inhibits Ang II-induced cardiac hypertrophy in vitro
Cardiac hypertrophy can be monitored by enlargement of myocyte cross-sectional area, increased protein synthesis, and induction of fetal gene expression. To investigate the direct effect of polydatin on Ang II-induced cardiomyocyte hypertrophy, cultured neonatal rat myocytes were pretreated with polydatin (5-50 mmol/L) for 60 min and subsequently exposed to 100 nmol/L Ang II for 24 h. As shown in Figure 1a , pretreatment with polydatin decreased the Ang II-induced increases in [ 3 H]leucine incorporation in a dosedependent manner, with the maximal effects at 50 mmol/L. In addition, the increase in cardiomyocyte size in the presence of Ang II for 24 h was also significantly reduced by polydatin (Figure 1b and c) . Polydatin markedly attenuated the increase of ANF and b-MHC mRNA expression induced by Ang II (Figure 1d and e ). However, polydatin alone had no effect on [ 3 H]leucine incorporation, cardiomyocyte size, or expression of ANF and b-MHC.
Pretreatment with polydatin suppresses Ang II-induced ROS generation
To explore the mechanism for the inhibitory effect of polydatin on cardiomyocyte hypertrophy, we analyzed the effect of polydatin on NADPH oxidase activation induced by Ang II. Neonatal rat cardiomyocytes were exposed to 100 nmol/L Ang II with or without polydatin. As shown in Figure 2a , NADPH-driven superoxide generation in the presence of Ang II was significantly increased to 252 AE 16% of control (n ¼ 9, P < 0.05), which was inhibited by pretreatment with polydatin to only 129 AE 7% of control (n ¼ 9, P < 0.05 versus Ang II alone). Polydatin alone had no effect on superoxide generation in control myocytes. The data obtained with lucigenin detection of superoxide generation were confirmed using DCF-DA fluorescence, to examine a range of ROS in cardiomyocytes. As expected, polydatin blocked the increase in Ang II-induced cardiomyocyte ROS generation by 72 AE 7% (P < 0.05 versus Ang II, Figure 2b) .
In neonatal rat cardiac fibroblasts, Ang II (100 nmol/L) also induced a significant increase in superoxide generation to 213 AE 18% of control at 24 h (n ¼ 7, P < 0.05). Similar to the effect in cardiomyocytes, this was reduced by polydatin treatment in cultured fibroblasts, to 116 AE 9% of control (P < 0.05 versus Ang II, Figure 2c ).
We further assessed the effect of polydatin on the mRNA levels of NADPH oxidase subunits. As shown in Figure  2d Nox2 mRNA (1.2 AE 0.3-fold) expression. Polydatin alone had no effect on Nox4 and Nox2 expression in neonatal cardiomyocytes.
Pretreatment with polydatin inhibits Ang II-induced cardiac hypertrophy in vivo
To examine the antihypertrophic effect of polydatin in vivo, the effect of oral administration of polydatin on cardiac hypertrophy induced by chronic Ang II infusion in rats was assessed. The systolic blood pressure (SBP) recorded in the rats received treatment with control, Ang II, polydatin, and Ang II þ polydatin were presented in Figure 3a . Chronic subcutaneous infusion of Ang II (300 ng/kg/min) significantly increased SBP from 120.3 AE 3.2 mmHg to 162.4 AE 7.1 mmHg (n ¼ 6, P < 0.01) in Ang II group. The time-dependent pressor effect of Ang II reached its peak in seven days and lasted at least four weeks (Figure 3a ). However, daily oral administration of polydatin (50 mg/ kg/d) for five weeks did not significantly alter this pressor effect of Ang II. Neither Ang II subcutaneous infusion nor polydatin oral administration altered the heart rate (HR) compared with control group (data not shown).
HW/BW and the cross-sectional area of cardiomyocytes were also examined in all groups of rats. The results demonstrated that subcutaneous Ang II infusion (300 ng/kg/min, 4 weeks) significantly increased HW/BW, and cardiomyocyte size as compared with control rats (Figure 3b, c, d) . Oral administration of polydatin (50 mg/kg/d, 5 weeks) significantly attenuated Ang II-induced increases in HW/ BW by 69.7 AE 2.6% (Figure 3b ), and the size of cardiomyocytes by 75.7 AE 3.1% (Figure 3c ). Additionally, polydatin markedly reduced the observed increase in hypertrophic marker (ANF and b-MHC mRNA) expression caused by Ang II infusion (Figure 3e and f).
Pretreatment with polydatin blunts cardiac fibrosis
We also observed the effects of polydatin on the perivascular and interstitial fibrosis in the heart of rats that received subcutaneous infusion of Ang II. Compared to control rats, perivascular fibrosis (24.3 AE 2.2% in control and 37.6 AE 3.1% in Ang II treatment rats, respectively, n ¼ 5, P < 0.05) and interstitial fibrosis (6.3 AE 0.7% in control and 12.2 AE 1.5% in Ang II treatment rats, respectively, n ¼ 5, P < 0.05) were significantly increased in the heart of Ang II-infused rats. Oral administration of polydatin (50 mg/kg/d, 5 weeks) significantly attenuated the increases in perivascular fibrosis by 82.6% and interstitial fibrosis by 84.7% caused by Ang II in heart (Figure 4 ). Oral administration of polydatin alone did not show any effect on either interstitial fibrosis or perivascular fibrosis in control (non-Ang-II infusion) rats.
Pretreatment with polydatin prevented Ang II-induced NADPH oxidase activity in vivo
We determined the effect of polydatin on NADPH oxidase activity in the heart of rats which received subcutaneous infusion of Ang II. As shown in Figure 5a , the activity of NADPH oxidase was significantly elevated in heart of Ang II-infused rats, and oral administration of polydatin significantly reduced the increase in NADPH oxidase activity in heart of Ang II-infused rats. Further analysis revealed that the expression of NADPH oxidase subunits, Nox4 and Nox2, were significantly elevated in the same heart tissue (Figure 5b and c) . Polydatin pretreatment effectively (Figure 5d ).
Polydatin attenuate Ang II-induced TGF-b1 expression in vivo
We determined the effect of polydatin on the TGF-b1 expression in the heart of rats that received chronic infusion of Ang II. As shown in Figure 6a , TGF-b1 level was significantly elevated in heart of Ang II-infused rats, and oral administration of polydatin reduced the increase in TGF-b1 expression in heart of Ang II-infused rats. In addition, circulating levels of the TGF-b in plasma were analyzed by ELISA. Chronic infusion of Ang II had no effect on plasma TGF-b levels. Pretreatment with polydatin in Ang II-infused rats also did not show significant change in plasma TGF-b level (P > 0.05, Figure 6b ).
Discussion
The current study presents the first evidence that polydatin protects against Ang II-induced cardiac hypertrophy both in vitro and in vivo. Our data showed that pretreatment with polydatin significantly inhibited the increase of Ang IIinduced cardiomyocyte size and hypertrophic gene expression, attenuated interstitial and perivascular fibrosis. Importantly, this study has identified that reduction of ROS generation and decreased activation of NADPH oxidase were associated with the antihypertrophic activity of polydatin.
It is well known that Ang II plays an important role in the pathogenesis and progression of cardiac remolding and heart failure. 3 Evidence in cultured cardiomyocytes indicates that Ang II directly increases myocytes size and hypertrophic gene expression. 29 Chronic Ang II infusion in rats also leads to alteration of cardiac function and increases left ventricular mass independent of its pressure-raising effects. 26 Therefore, the cardiac hypertrophy model induced by Ang II was used to examine the effect of polydatin on cardiac protection. In the current study, we demonstrate that pretreatment with polydatin prevents Ang II-induced cardiac hypertrophy both in vitro and in vivo. It should be emphasized that despite the fact that BP was raised significantly in Ang II-infused rats, polydatin treatment did not reduce BP. These observations, combined with direct effects seen in cardiomyocytes, indicate that polydatin exerts a direct reversal of the hypertrophic program in the myocardium.
Accumulated studies demonstrate that over production of ROS and inflammatory factors generated by Ang II stimulation contributes to the development of hypertrophy and remodeling in the heart. 10, 30 This conclusion is also supported by the current observation that Ang II promotes excess amounts of intracellular ROS production via stimulation of NADPH oxidase, in parallel to hypertrophic responses in cardiomyocytes. Our results also show that polydatin treatment significantly attenuated Ang IIinduced ROS production. Interestingly, in neonatal cardiac fibroblasts, polydatin exerted similar antioxidant actions, implying that ROS generated from both cardiomyocytes and cardiac fibroblasts in vivo will likely be inhibited by polydatin. This is supported by our in vivo observation showing that polydatin treatment significantly attenuated Ang II-induced perivascular and interstitial fibrosis. These observations support the hypothesis that the antioxidative properties of polydatin might play an important part in its beneficial protective cardiovascular effects.
Polydatin is an active stilbene compound which has a strong antioxidant property. 15, 24 In this study, the basal level of ROS generation in cardiomyocytes was not changed by polydatin treatment alone, probably because of the basal oxidative activity was maintained successfully at a minimum in the normal physiological situation by superoxide dismutases and other endogenous scavengers of ROS. Therefore, the observations that pretreatment with polydatin completely prevented Ang II-induced superoxide generation while simultaneously blocking cardiac hypertrophy, strongly supports the hypothesis that cardiac remolding stimulated by chronic Ang II treatment is mediated mainly by oxidative stress.
To further investigate the mechanisms underlying the inhibitory effect of polydatin on cardiac hypertrophy, its potential effect on NADPH oxidases was studied. NADPH oxidase is an enzyme that catalyzes superoxide production from molecular oxygen and NADPH. It is a multimeric enzyme consisting of two membrane-bound components including a catalytic Nox subunit and the p22 phox subunit, and four components in the cytosol, p40 phox , p47 phox , p67 phox , plus the small GTP-binding protein Rac. 30, 31 To date, the Nox family consists of five isoforms (Nox1-5), expressed in a tissue-specific manner. Among these, Nox2 and Nox4 are the main isoforms expressed in the myocardium and play an important role in mediating oxidant production at baseline and under various stimuli. 30 Evidence from Nox2 knockout mice shows that cardiac hypertrophy induced by Ang II infusion was inhibited. 10, 32 Genetic deletion of Rac1, an essential component of the Nox2 NADPH oxidase complex, blocks Ang IIinduced superoxide generation and cardiac hypertrophy. 33 These studies suggest that endogenous Nox2 mediates Ang II-induced cardiac hypertrophy. In addition, studies using cardiac specific Nox4 knockout mice indicate that Nox4 was involved in the development of cardiac hypertrophy in response to pressure overload. 34 Several lines of evidence also showed that expression of Nox2 and Nox4 was upregulated by hypertrophic stimuli including Ang II, phenylephrine, and pressure overload. [35] [36] [37] In the current study, polydatin specifically blunted the increase of Nox2 and Nox4 expression induced by Ang II, thus suggesting that polydatin attenuates superoxide generation by specific inhibition of NADPH oxidase. Antioxidant mechanism of polydatin has been attributed to the induction of antioxidant enzymes, and the direct scavenging and/or chelation of redox-active metal ions, as well as to inhibition of redoxsensitive transcription factors. 19, 24 The present findings highlight that the direct inhibition of NADPH oxidase is an additional antioxidant property of polydatin.
It has been well documented that TGF-b is a key cytokine that promotes accumulation of collagen and other major components of the extracellular matrix in many fibrotic disorders, including cardiac and pulmonary fibrosis, glomerulonephritis, and vascular restenosis. 38 Several studies indicate that Ang II upregulates TGF-b1 expression in cardiac myocytes and fibroblasts; TGF-b, in turn, promotes cardiac hypertrophy by activation of Smad proteins and TGF-b-activated kinase-1. 39 Furthermore, absence of the Tgfb1 gene in transgenic mice completely prevented the development of cardiac hypertrophy induced by Ang II. 40 Studies have also shown that TGF-b was involved in NAD(P)H oxidase activation in cardiac remolding. 41, 42 In our study, polydatin reduced cardiac hypertrophy and inhibited Ang II-induced TGF-b1 expression, thus suggesting that the protective effect of polydatin may be at least partial because of its effect on regulating TGF-b1 signaling. The development of cardiac hypertrophy is a complex process involving signal integration of multiple pathways. Therefore, it may be that the observed antihypertrophic effect of polydatin is mediated by the modulation of not one but several of these pathways. To further elucidate the mechanisms involved in polydatin's antihypertrophic effects, it will be necessary to identify the essential signaling molecules involved in the development of cardiac hypertrophy, and the cross talk between them.
In conclusion, the present study demonstrates that polydatin prevents cardiac hypertrophy in response to Ang II both in vitro and in vivo. Polydatin inhibited the formation of cardiac hypertrophy by blocking activation of NADPH oxidase. Our data confirm that NADPH oxidase is a main target of polydatin's pharmacological actions, although we cannot conclude whether NADPH oxidase is its only target. These observations are relevant to the understanding of the protective effect of polydatin against cardiac remolding, which are characterized by an increase in oxidative stress or by the activation of rennin-angiotensin system.
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